The first total synthesis of ergosta-5,8-dien-3β-ol, an uncommon sterol previously isolated from an alga and several microorganisms, has been developed. For the first time, a full set of spectroscopic data of this sterol is presented.
Introduction
The sterol ergosta-5,8-dien-3β-ol (4) was first isolated in 1974 from the alga Chlorella ellipsoidea [1] , it has also been found in Saccharomyces cerevisiae mutants [2, 3] , in a primaricin-resistant mutant of Aspergillus nidulans [4] , as well as in clinical isolates of Aspergillus fumigatus [5] . Furthermore it has been described as a constituent of the femoral gland secrection of male lizards [6, 7] . Despite its appearance in a broad spectrum of living organisms, and its unknown biological functions in these organisms, very poor information about physicochemical data of this sterol is published in literature. Identification of 4 is mainly based on comparison with low-field NMR data published by Ziogas et al. [4] and interpretation of its mass spectra [5] . No total synthesis of 4 has been published until now.
Herein we report the first total synthesis of 4 starting from ergosterol acetate (1), and we provide a complete set of analytical data, allowing a reliable and convenient identification of this uncommon sterol in the future.
Results and Discussion
Our synthetic strategy is based on a method for the isomerisation of Δ 5, 7 -sterols to Δ 5, 8 -sterols, as used for the synthesis of lichesterol (ergosta-5,8,22-trien-3β-ol), the Δ
22
-unsaturated pendant of 4 [8] . The main challenge of our work was to find a method for selective reduction of the Δ 22 double bond without affecting the olefinic groups in the steroid core. Hence, ergosterol acetate (1) was reacted with diethylazodicarboxylate (DEAD) to give the DEAD adduct 2. Yields could significantly be enhanced to 47-56% by using microwave irradiation. The key step of the synthesis was the selective hydrogenation of the ∆
-double bond of 2 using palladium on charcoal at room temperature, resulting in the ∆
-saturated DEAD adduct 3. The NMR spectra of 3 did not allow unambiguous structure elucidation due to the presence of rotamers around both carbamate bonds. But the data suggested that the expected product 3 was accompanied by small amounts of an epimer in the side chain. The epimeric mixture was used for the final step of the synthesis without further purification. Birch-type reduction [8] of 3 with lithium in propylamine/ethylenediamine gave the title compound 4 (scheme 1). Using semipreparative HPLC, followed by recrystallization, the target compound 4 could be obtained in >95 % purity (GC-MS and HPLC analysis). 
Experimental
All solvents were of HPLC-or p.a. grade. Merck Silica gel 60 (particle size 0.040-0.063 or 0.015-0.040 mm) was used for silica column chromatography (SCC). NMR spectra were recorded on JEOL Eclipse plus NMR workstations (Jeol GSX 400 or JNMR GX 500 instrument) respectively at 500 MHz or 400 MHz for 1 H MNR and 125 MHz or 100 MHz for 13 C NMR. Spectra were calibrated using residual undeuterated solvent (HCCl 3 , 1 H 7.25 ppm, 13 C 77.00 ppm). For substance characterisation additionally HMBC, CH-COSY, COSY and DEPT spectra were recorded for the title compound (4). Electron Impact High Resolution Mass Spectra (EI-HRMS) were recorded on a GC Mate II Jeol. Electrospray Ionization (ESI) spectra were recorded on PE-Biosystems API 2000. ESI-HRMS spectra were recorded on Thermo Finnigan LTQ FT (Thermo Finnigan, Bremen, Germany). Elemental analyses were performed on a CHN-Analyser Rapid (Heraeus). IR spectra were obtained on a Perkin Elmer Paragon 1000 spectrometer. Melting points were determined on a Büchi 540 apparatus. The laboratory microwave Discover TM from CEM (KampLintfort, Germany) was used. The semi-preparative HPLC system consisted of a LaPrep P110 pump, a LaPrep P311 UV detector from Merck (Darmstadt, Germany) and a Nucleodur 100-5 C18 250x10 mm column including a precolumn from Macherey Nagel (Düren, Germany).
Diethyl 1-[(3β,7α,22E)-3-(acetyloxy)ergosta-5,8,22-trien-7-yl]hydrazine-1,2-dicarboxylate
600 mg of ergosterol acetate (1) (1.17 mmol) were suspended in 1.2 ml of toluene. 3 beads of molecular sieve 4 Å and 1.8 ml of a DEAD solution in toluene (40 % w/w) were added. The suspension was stirred for 10 min at room temperature and then transferred to a laboratory microwave. A reflux condenser was attached to the reaction vessel, the solution was stirred using an internal magnetic stirrer. The reaction was carried out under reflux conditions and the settings of the microwave were as follows: 150 W, 5 min ramp time, 45 min hold time, temperature setting 120 °C, monitored by an internal infrared sensor. After the solution had been cooled to ambient temperature it was concentrated under reduced pressure to give an pale brown oil which was subjected to SCC (50 g, 0.015-0.04 mm, pentane/ether 1:1 Diethyl 1-[(3β,7α)-3-(acetyloxy)ergosta-5,8-dien-7-yl]hydrazine-1,2-dicarboxylate (3) 200 mg of 2 were dissolved in 2 ml of EtOAc and added to a suspension of 10 mg palladium on charcoal (10 %) in 2 ml EtOAc. The suspension was vigorously stirred under H 2 for 12 h. The suspension was filtered over celite, concentrated to dryness and subjected to SCC (20 g silica gel, 0.015-0.040 mm, pentane/ether 1:1). White solid (155 mg, 77%), mp (amorphous) 59-62 °C. IR (KBr, ν [cm 131 mg 3 were dissolved in 4 ml of n-propylamine/ethylenediamine 1:1 and 40 mg lithium was added at 0 °C. The solution was stirred 15 min longer than required for the initial appearance of a deep blue colour. Water was carefully added until ceasing of the evolution of gas. The suspension was transferred into a separation funnel, adjusted to pH 7 with 2 M HCl, and extracted with dichloromethane (3 x 20 ml). The combined organic layers were washed with water (2 x 25 ml), dried over sodium sulphate and evaporated to dryness. The residue was subjected to SCC (10 g silica gel, 0.040-0.063 mm, pentane/ether 1:1) to give 50 mg of a white solid. This solid was dissolved in THF/MeOH 1:1 and was further purified by semi-preparative HPLC (210 nm, 7 ml/min, MeOH/H 2 O 98:2). The fraction eluting between 15.5 and 20.0 min was collected and concentrated to dryness. The residue was recrystallized from methanol/acetone to give colourless plates, 15 mg (18 % 
